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© Epidural oxygen sensor. 



© An epidural oxygen sensor comprises a 
photodetector (24) and light emitting diodes (22) 
mounted at the end of a core of compressible foam 
(52) extending from the end of a hollow bone screw 
(40). As the bone screw is screwed into a burr hole 
in the skull, the photodetector and light emitting 
diodes will contact the dura and the foam will com- 
press to maintain optical contact between the elec- 
trical components and the dura. Light from the diode 
is reflected by blood in the dura and brain, received 
by the photodetector, and the resultant electrical 
signals are processed by a pulse oximeter. 
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The invention relates to sensors for determin- 
ing the oxygen saturation of tissues within the skull 
and, in particular, to such sensors which are placed 
epidurally through the skull to measure oxygen 
saturation. 

During neurological and neurologically related 
surgical procedures it is oftentimes desirable to 
continuously monitor the oxygenation of blood 
which is supplied to the brain. Frequently access is 
gained to the brain through a borehole in the skull, 
and a sensor which measures oxygenation can 
then be inserted through such a borehole. A sensor 
should then exhibit numerous design and perfor- 
mance criteria in order to operate satisfactorily in 
this environment. The sensor must be capable of 
insertion through the borehole so as to contact 
tissue where oxygen saturation is to be measured. 
The sensor must be soft so that it does not dam- 
age neurological tissue, yet be sufficiently rigid in 
certain dimensions so that it can be maneuvered 
from outside the skull. It also must be sized to fit 
inside the borehole and in the location where mea- 
surements are to be taken. Furthermore, the sensor 
must be designed so as to eliminate detection of 
ambient light which will interfere with detection of 
the desired optical signals. The sensor must also 
prevent the detection of directly transmitted light 
from the light source of the sensor. 

In accordance with the principles of the present 
invention, an optical sensor is provided for epidural 
measurement of blood oxygenation. The sensor 
comprises a pair of light emitting diodes (LED's) 
which emit light at two predetermined wavelengths. 
The sensor also includes a photodetector for re- 
ceiving light emitted by the LED's which has been 
reflected from adjacent blood perfused tissue. 

The LED's and photodetector are located in a 
hollow bone screw, with the components opposing 
the tissue from which measurements are to be 
taken. The components are backed by a soft poly- 
mer which will compress under gentle pressure as 
the bone screw is tightened to cause the compo- 
nents to contact the dura. 

In the drawings: 

Figures 1a to 1c are cross-sectional, top and 
bottom views of an epidural oxygenation sensor 
mounted in a hollow bone screw. 
Bone screw 40 is threaded as indicated at 44 
to screw into the skull, and the head of the screw 
has a slot 42 to turn the screw with an adjustment 
instrument as more clearly shown in the top plan 
view of Figure 1b. A photodetector 24 and a pair of 
LED's 22 are located at the bottom of a core of 
soft, compressible foam material 52 in the centre of 
the screw, as shown in the bottom plan view of 
Figure 1c. Above the compressible foam 52 the 
centre of the screw is filled with a firm filling 50 of 
silicone rubber or polyurethane. The electrical 



leads 26' from the LED's and photodetector pass 
through the foam material 52 and the filling 50 and 
exit through the top of the hollow screw as shown 
in Figure 1c. 

5 In use of the sensor of Figures 1a to 1c f a hole 

is drilled in the skull into which the bone screw 40 
is screwed. As the bone screw is screwed into the 
skull, the oximeter monitor is continuously mon- 
itored for the onset of oxygen saturation readings. 

io When the bottom of the screw with the sensor 
components contacts the dura, oxygen readings 
will commence, and will initially occur erratically. 
As the bone screw is slowly turned the sensor 
components will make better contact with the dura 

75 and the signal quality will improve. The contact 
between the sensor components and the dura is 
induced in a gentle manner by the compressible 
foam 52, which will readily compress as the com- 
ponents make contact with the dura to prevent 

20 damage to the dura. When consistent readings 
occur no further turning of the screw is necessary, 
as the sensor components are in good surface 
contact with the dura and will gently ride on the 
dura due to the compressibility of the foam 52. 

25 This hollow bone screw embodiment is desirable 
for its ability to completely block ambient light from 
the sensor components and by plugging the burr 
hole with the bone screw infection of the dura is 
retarded. The sensor can be safely left in place in 

30 the burr hole for extended periods of time. 

Claims 

1. A sensor for measuring cerebral oxygen satu- 
35 ration through a burr hole in the skull by op- 

tical reflectance comprising: 
a hollow bone screw (40); 
a core of compressive material (52) lo- 
cated in said hollow bone screw and having an 
40 upper surface oriented toward the top of said 

bone screw and a lower surface oriented to- 
ward the bottom of said bone screw; and 

a photodetector (24) and a pair of light 
emitting diodes (22) located at said lower sur- 
45 face of said core of compressive material, 

wherein electrical connection is made to said 
photodetector and said light emitting diodes 
through said hollow bone screw. 

so 2. The sensor of claim 1, further comprising a 
core of relatively less compressive material 
(50) located within said bone screw (40) above 
said upper surface of said compressive core 
(52). 

55 

3. The sensor of claim 1 or claim 2, wherein a 
portion of said core of compressive material 
(52) extends out from the lower end of said 



2 



3 EP 0 651 968 A1 4 

hollow bone screw (40). 
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